Objectives. When urate lowering therapy is indicated in patients with gout, medication adherence is essential. This study assesses non-persistence and non-adherence in patients with newly diagnosed gout, and identifies factors associated with poor medication adherence.
Introduction
Gout is the most prevalent form of inflammatory rheumatic disease, and caused by the deposition of monosodium urate crystals within the joint and surrounding tissues [13] . In patients with recurrent gout flares or tophi, it is recommended to start long-term urate lowering therapy (ULT) to reduce the number of gout flares and resolve tophi [4] . Despite proven efficacy of these drugs [5, 6 ], a substantial subgroup of patients fails to achieve optimal clinical benefit, partly because of poor medication adherence. Previous studies showed that non-adherence, usually defined as <80% of the total observation time covered by medication, is associated with higher serum urate concentrations and more gout flares [712] . While non-persistence, defined as the occurrence of a gap in use of therapy over time, may have little clinical effect in certain chronic diseases, a gap in ULT might actually trigger or prolong a gout flare [11] . Hence, poor medication adherence may lead to more severe disease for patients and to increased gout-related healthcare costs for society [10, 13] .
Recently, a systematic review confirmed poor medication adherence among gout patients using ULT [14] . Adherence ranged from 18 to 44% and persistence from 12 to 44% [14] . Twelve out of 16 studies were conducted in the USA, hampering transferability to a European setting where general practitioners are often the main healthcare provider. Data were often derived from electronic prescription records databases and managed health care plans, which only include insured residents, which might have introduced selection bias. Furthermore, most studies focused on non-adherence, but little is known about non-persistence, time until non-persistence, restart of therapy and subsequent medication adherence after first discontinuation [15, 16] .
To identify patients at high risk, factors associated with poor medication adherence should be determined. Several factors, such as older age or suffering from certain comorbidities like hypertension or diabetes, were associated with higher adherence rates [14] . Yet these factors have not, or poorly, been studied as determinants of nonpersistence.
The objective of the current study was therefore to assess among newly diagnosed gout patients rates of non-persistence and non-adherence with allopurinol therapy, determinants of non-persistence and non-adherence, and the number of patients restarting therapy after the first occurrence of a gap in therapy and subsequent medication adherence.
Methods
A retrospective analysis was performed using the UK Clinical Practice Research Datalink (CPRD), including more than 11.3 million individuals from 674 general practices in England, Northern Ireland, Scotland and Wales, representing 6.9% of the British population [17] . The database provides detailed information on demographics, drug prescriptions, clinical events, specialist referrals and hospital admissions [17] . For this study we used data from 1987 through to June 2014.
Study population
The study population consisted of individuals aged 540 years, with a first ever Read code of gout and a prescription of allopurinol during the period of valid data collection. READ codes are a set of clinical codes used in primary care in the UK for the registration of clinical diagnosis, processes of care and medication. The use of READ codes has been validated for many diagnoses, including gout and common comorbidities [18, 19] .
The date of the first prescription of allopurinol after the start of valid data collection defined the index-date. Follow-up was defined from the index-date to either the end of data collection (30 June 2014) , the date of transfer of the patient out of the practice area, or the patient's death, whichever came first. Because allopurinol is by far the most prescribed ULT, patients with a first prescription of febuxostat (0.2%) or probenecid (0.1%) were not included in the analyses. Patients who switched to probenecid or febuxostat during follow-up (n = 729) were censored for analyses. Patients with a prescription of ULT prior to the diagnosis of gout and those with follow-up <90 days after completion of the first prescription were excluded.
Measures of medication adherence
Non-persistence was defined as the occurrence of the first gap in time covered by an allopurinol medication prescription of at least 30 or 90 days after the end of each allopurinol prescription. In case of overlap between two prescriptions (i.e. a repeat prescription within the duration of use of a previous prescription), the overlap days was added to the duration of treatment time. In case of a missing length, the median value of all allopurinol prescriptions was assigned. Non-persistence rate was measured by calculating the proportion of patients who discontinued treatment, defined as a gap of at least 30 or 90 days in allopurinol prescription, over time.
Non-adherence was defined by the proportion of days covered (PDC). This was calculated as the number of days of prescribed medication divided by the total duration of follow-up, while truncating the possible overlap between two prescriptions. A PDC <0.80 was considered as nonadherence. The medication possession ratio (MPR) was determined by calculating the total number of days prescribed medication divided by the total duration of followup, while adding the days of overlap between two prescriptions to the number of days prescribed.
To improve insight into medication patterns, the proportion of patients restarting allopurinol therapy after the occurrence of a first gap of at least 90 days was calculated. Subsequently, in those patients restarting allopurinol therapy, non-persistence and non-adherence were once again calculated.
Potential determinants of non-adherence and nonpersistence Several determinants were explored for their association with non-persistence and non-adherence. These factors related first to patient characteristics at baseline including gender, age (4049, 5059, 6069, 7079 and 5 80 years), BMI (<20.0, 20.024.9, 25.029.9, 30.034.9 and 5 35.0 kg/m 2 ), smoking status (never, current, former), alcohol consumption (yes, no), socio-economic status (low, low-medium, medium, medium-high, high), calendar year start allopurinol (198799, 200005, 200609 and 201014) , the number of days between gout diagnosis and initiation of allopurinol and the number of visits to general practitioners 12 months prior to the index date (0, 19, 1019, 2029, 530 visits). Second, comorbidities prior to the index date were considered, including alcoholism chronic obstructive pulmonary disease, dementia, depression, diabetes mellitus, hypertension, ischaemic heart disease, myocardial infarction, OA, renal calculi and stroke. In the case of multiple records, the record most prior to the index-date was used. Renal function was evaluated by reviewing laboratory test data 6 months prior to index-date [estimated glomerular filtration rate (eGFR) modification of diet in renal disease where possible], and CPRD READ codes, which describe the stage of renal function. In case of multiple eGFR values on the same day, the mean value was used. CPRD READ codes were prioritized if there was a laboratory test on the same day.
Third, medication prescriptions 6 months prior to the index-date for hypertension, use of statins (a proxy indicator for dyslipidaemia) and acute gout medication (NSAIDs, colchicine and oral corticosteroids) were considered.
Ethical approval
The CPRD Group holds research ethics and has obtained ethical approval from a National Research Ethics Service Committee for all purely observational research using anonymized CPRD data. The present study is based on anonymized and unidentifiable CPRD data and the study protocol was approved by the CPRD Independent Scientific Advisory Committee (protocol number 15_130R2AR). The CPRD complies with the Declaration of Helsinki. Because our study does not include patient involvement, no further ethical approval and patient consents are deemed necessary by Independent Scientific Advisory Committee (ISAC).
Statistical analysis
Descriptive statistics were used to characterize the study population. KaplanMeier life table analyses were applied to estimate proportion of patients with a first 30-or 90-day medication gap within the 1st and the first 5 years after starting allopurinol and the median time (days) until non-persistent. Average PDC and MPR during the total observation time and the proportion of patients considered non-adherent (PDC or MPR <0.80) were calculated. KaplanMeier life table analyses were also used to estimate the proportion of patients restarting allopurinol therapy after a first 90-day gap and the median number of days until restarting allopurinol therapy. In this sub-sample, subsequent persistence and adherence were again assessed.
Multivariable Cox-regression analyses were performed to study the strength of the association between determinants and non-persistence (90-day gap), by entering all above described variables into the regression model. The proportional hazards assumption was tested by including time interaction terms into the model. In case of violation (P < 0.05), hazard ratios (HRs) for the association between the covariate and non-persistence were calculated for the first year after the index date. Multivariable logistic-regression analyses were performed to study the strength of the association between determinants and non-adherence (PDC < 0.80). All analyses were conducted using SAS software (Version 9.3; SAS Institute Inc., Cary, NC, USA).
Results

Study population
Of the 131 565 newly diagnosed gout patients a total of 48 438 (38.8%) patients initiated allopurinol as the first ULT during the observation period. Of the 48 438 allopurinol users, 158 patients were excluded for analyses because follow-up was shorter than 90 days after the first prescription, resulting in a study population of 48 280 gout patients. Table 1 shows the characteristics of the study population. The mean (S.D.) age of the study population was 64.6 (13.2) years and 76% were male. Comorbidities were common, the most frequent being hypertension (51%), dyslipidaemia (30%), OA (24%) and depression (16%), and 41% received anti-hypertensive medication.
Medication adherence
Non-persistence estimates for treatment with allopurinol are displayed in Fig. 1 . Considering a gap-length of 30 days, non-persistence with allopurinol therapy increased from 57.8% (95% CI: 57.3, 58.2) at year 1 to 80.9% (95% CI: 80.4, 81.2) at 5 years following initiation ( Table 2 ). The median time until discontinuation was 225 days (95% CI: 220, 231). Increasing the gap length up to 90-days, nonpersistence estimates were 38.5% (95% CI: 38.1, 38.9) at year 1 and 56.9% (95% CI: 56.4, 57.4) at 5 years following initiation, with a median time until discontinuation of 1029 days (95% CI: 988, 1078).
Regarding non-adherence, the average PDC was 0.57 (S.D. 0.43), indicating that patients had an allopurinol prescription for 57% of the total observation time. The proportion of patients non-adherent to allopurinol therapy Of the 26 235 patients who experienced a 90-day gap during observation time, 15 013 (57%) restarted allopurinol therapy; 43.3% (95% CI: 42.7, 43.9) of them within 1 year and 64.2% (95% CI: 63.5, 64.9) within 5 years ( Fig. 2A) . Median time until restart was 643 days (95% CI: 617, 678). Following allopurinol re-starters, 75.7% (95% CI: 75.0, 76.4) experienced a 30-day gap and 52.3% (95% CI: 51.4, 53.1) a 90-day gap in the first year. The median time until discontinuation was 88 days (95% CI: 84, 97) for a 30-day and 319 days (95% CI: 301, 340) for a 90-day gap (Fig. 2B) . Average PDC was 0.49 (S.D. 0.31) and only 10.3% were considered adherent.
Factors associated with medication adherence
Factors associated with non-persistence or non-adherence are presented in Table 3 . In the multivariable adjusted model, female gender and current smoking increased the risk of non-persistence and non-adherence. While older age (550 years as compared with those 4049 years), overweight (vs a normal weight), former smoking (vs never), use of colchicine, not starting allopurinol at time of diagnosis with gout and suffering from dementia, diabetes mellitus or dyslipidaemia decreased the risk of non-persistence and non-adherence.
The effect of use of anti-hypertensive medication, calendar year start allopurinol and kidney function on nonpersistence, was not constant over time and did not met the proportional hazard assumption (P < 0.05). Therefore, follow-up was restricted to the first 365 days following initiation. The use of anti-hypertensive medication decreased the risk of non-persistence (HR = 0.73; 95% CI: 0.70, 0.77). Patients starting allopurinol between 2010 and 2014 were more likely to be persistent compared with patients who started between 1987 and 1999 (HR = 0.96; 95% CI: 0.87, 0.99). Kidney function was not significantly associated with non-persistence in the first year after initiation.
Discussion
The present study showed poor medication adherence among incident gout patients starting allopurinol treatment. Non-persistence (590-day gap) with allopurinol was 57% after 1 year and increased to 77% at 5 years following initiation. After the occurrence of a gap, 54% of the patients restarted therapy; yet less than half of the patients persisted with treatment for 1 year following restarting therapy. During the entire observation period only 39% of the patients were considered adherent (PDC 5 0.80). Medication adherence was better among 
FIG. 2 Kaplan-Meier curves for cumulative incidence of restarters and persistence after restarting therapy to allopurinol treatment
Kaplan-Meier curves for (A) cumulative incidence of restart with allopurinol medication after first discontinuation and (B) persistence to treatment with allopurinol medication after restarting therapy after first discontinuation-discontinuation was defined as a treatment gap of at least 90 days. Bold indicates statistical significant in multivariable analyses. a Adjusted for sex, age, BMI, smoking status, alcohol use, socioeconomic status at index date, calendar year start allopurinol, number of GP visits 12 months prior the index date, use of antihypertensive, colchicine, corticosteroids, NSAIDs and statins in the 6 months prior to the index date, and comorbidities ever before the index date (COPD, dementia, depression, diabetes, hypertension, ischaemic heart disease, myocardial infarction, OA, stroke and renal function), except the variables that are the explanatory variable in the analysis.
b Follow-up was restricted to 1 year for the Cox-regression analyses, because of violating the proportional hazard assumption. older patients and those being overweight and suffering from comorbidities such as diabetes and hypertension.
Non-persistence estimates found in the present study were comparable to previous studies, which showed rates between 56 and 88% [15, 2022] . All studies used pharmacy-claims data and three out of four were conducted in the USA [15, 21, 22] . Despite these differences in study population, sampling method and design, it seems that the variation in non-persistence estimates in claims databases mainly depends on the permissible gap-length and observation time. For example, McGowan et al. [20] showed among 15 908 Irish gout patients that 81% experienced a gap of 5 weeks, while 54% experienced a gap of 9 weeks in the first year after initiation of ULT.
The dynamics in medication use is less frequently studied, such as whether patients return to therapy after the occurrence of a first gap and if they remain on therapy after restarting. We found that almost half of the patients returned to therapy after a 90-day gap in the first year. This finding is in line with a study conducted by Harrold et al. [15] who showed that 70% had a gap of at least 60 days in therapy and, among those with a gap, an estimated 50% returned to treatment within 8 months, and by 4 years, 75% had restarted. As it might be that a proportion of persons with a first episode of non-persistence might not have a strict indication to start ULT, persistence after re-initiation was expected to be better. However, we found that only 50% remained on therapy in the first year after reinitiating. Of note, multiple and extended gaps in therapy can lead to less efficiency in achieving the target level of serum urate, allowing accumulation of monosodium urate crystals, recurrent gout flares and the formation of tophi [23] .
In the present study, only 39% of the gout patients were considered adherent during the entire observation time. Although, our reliance on a PDC 50.80 to be considered adherent is arbitrary, the mean PDC was 0.57, which is far from optimal. In 2012, a systematic review reported mean adherence rates all below 0.80 and the proportion of adherent patients ranged from 10 to 46% [14] . This was based on 10 claims/electronic records of which nine were conducted in the USA [14] . Recently, two European studies have been conducted. Among Irish patients 35.8% had an MPR 50.80 in the first 12 months, using pharmacy claims data [20] . In an Italian study the rates were even more alarming, 10% of the 3727 gout patients were adherent to allopurinol in the first 150 days and just 3% in the first year [9] . Our data from the UK and the studies conducted in Ireland [20] and Italy [9] indicate that poor medication adherence among gout patients not only occurs in patients from the USA, but also in Europeans.
To improve medication adherence, patients at risk should be identified. In our study, females were more prone to have poor medication adherence; this is in line with other previous research [12, 20] , while others found the opposite [7, 24, 25] , or no effect of gender on persistence or adherence [9, 22] . In agreement with our findings, older patients and those being overweight [12] and suffering from comorbidities such as diabetes and hypertension were more likely to be persistent and adherent [7, 9, 12, 21, 24, 26] . Although not investigated, these patients appear to be less healthy and might have more severe gout or are aware of the negative consequences of poor medication adherence on their health than younger and healthier gout patients [10, 21, 22, 27] . Somewhat contra-intuitively, persons registered with dementia had a lower risk of non-persistence (HR = 0.58) and non-adherence [Odds ratio (OR) = 0.56], most likely because they will be supervised when taking their medication. Likely, general practitioners register dementia only in the clear and more severe cases [28] . Finally, it was reassuring that patients who started allopurinol more recently had better medication adherence than those who started between 1987 and 1999. As indicated by Kuo et al. [1] , although adherence to allopurinol improves over the years, it remains poor.
This study represents a comprehensive analysis of medication adherence among newly diagnosed gout patients from a representative primary care data-set from the UK. There were certain limitations to this study. First, medication adherence was estimated retrospectively by analysing allopurinol prescriptions of general practitioners. Therefore, we could not ascertain if patients purchased and took the prescribed medication. On the other hand, by using prescription data, any distortion caused by patient recall or desire to give socially accepted answers can be eliminated [29] and is therefore considered as an acceptable and accurate measure of persistence and adherence [30] . Second, although we identified patients at high risk for poor medication adherence, the reason for stopping or interrupting therapy could not be traced and might be physician-directed. An investigation into whether experiencing a gout flare after the initiation of allopurinol influenced medication adherence is of interest and requires further investigation. Additionally, if true, the need for prophylaxis treatment should be emphasized when initiating allopurinol. Of note, we showed that gout patients with a colchicine prescription in the 6 months prior to allopurinol initiation had a lower risk to become non-persistent. However, it is impossible to distinguish whether colchicine was prescribed for treatment of a severe attack or initiated as prophylaxis. Third, only prescription of allopurinol was considered. A low number of patients switching to probenecid or febuxostat were censored. Likely these drugs are prescribed to patients with different health characteristics, who might receive more attention in the healthcare system influencing their medication adherence. Fourth, non-adherence was defined as a PDC or MPR < 0.80. Even though the dichotomization of adherence is widely used in the literature, this cut-off is arbitrary and not clinically validated in gout.
In conclusion, our study showed poor persistence and adherence among incident gout patients initiating allopurinol. Although patients experiencing a gap in therapy are likely to return, the chance of a backlash is likely. This highlights the need for research on medication adherence to ULT. One adherence intervention study in gout has been conducted, and showed that a nurse-delivered 'package of care' leads to improved persistence and adherence compared with usual care, even after 5 years of follow-up [31, 32] , emphasizing that personalized care [3336] is important to improve medication adherence and to tackle this complex problem. Target groups for such or other adherence interventions may be those who are at higher risk, so patients who are younger and considered healthier.
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